INTRODUCTION
Equine herpesvirus type 1 (EHV-1) is the cause of various syndromes in the equine population including abortion (9, 1, 14) , respiratory disease (especially in young horses) (7, 5) , paralysis (12, 3, 2) and the death of newborn foals (8, 15, 11) . The present paper describes the involvement of EHV-1 in neonatal foál mortality among horses in civilian and armed forces establishments in northern India. The involvement of secondary bacterial agents was also investigated.
MATERIALS AND METHODS

Collection of samples
Portions of lung, liver and spleen from dead foals were collected or submitted in 50% glycerine phosphate buffered saline for virological examination.
For bacteriological examination, pooled samples of organs (liver, spleen, kidney), lung abscesses and heart blood from dead foals were collected on ice.
Isolation of the virus
Primary cultures of lamb kidney cells (LKCC) were used for virus isolation. A 10% tissue suspension in Hanks's balanced salt solution was treated with antibiotics, centrifuged and then inoculated onto cell culture. The inoculated cultures were incubated at 37°C for up to 6 days and observed daily for a cytopathic effect. Three blind passages were made before declaring the samples negative.
Hyperimmune serum
The hyperimmune serum was prepared in rabbits and guinea-pigs to standard isolate EA26 of EHV-1, originally isolated from an aborted foetus (supplied by Dr N.C. Jain, Professor, Department of Veterinary Microbiology, H.A.U., Hisar, India). The identity of this isolate was confirmed by the Animal Virus Research Institute, Pirbright, England.
Serum neutralisation test
Duplicate sets of dilutions (10- 5 , 10-6 , 10-7 ) of virus isolated in the cell culture were prepared. One set was allowed to react with an equal volume of 1:10 diluted preimmunisation serum and another set with 1:10 diluted hyperimmune serum. Each dilution of the serum-virus mixture was inoculated in 3 tubes of lamb kidney cell cultures and incubated at 37°C for 72 h. The inoculated tubes were observed for a cytopathic effect.
Gel diffusion test
This test was used for detecting viral antigen in tissue specimens (13) . Antigen was prepared from pooled tissue portions of lung, liver and spleen from dead foals. The tissues were ground in a mortar and a 20°7b suspension was prepared in phosphate buffered saline (PBS) at pH 7.2. The supernatant fluid was collected after centrifugation at 5040 g for 20 min. The pellet was disrupted by three cycles of freezing and thawing and then resuspended in a small quantity of PBS and recentrifuged at 5040 g for 20 min. The supernatant fluid from both processes was pooled and then concentrated with 8% w/v polyethylene glycol (PEG) 6000. The virus was eluted with tris buffer at pH 7.2 and used as antigen in the test. A positive control antigen was prepared in the same way from hamster liver infected with standard strain of EHV-1.
The gel diffusion test was performed in gel medium containing 0.76% w/v agarose (Siseo Laboratories, Bombay) suspended in gel buffer at pH 7.2.
The central well in the gel on the slide was surrounded by 6 wells, 4 mm in diameter and 4-5 mm apart. EHV-1 hyperimmune serum was placed in the central well and known positive antigen in two opposing outer wells. Test antigens were placed in the remaining wells. The test was read after incubation for 24 h at 25°C. The reaction was considered positive if identical reactions were given by known positive and test antigens.
Bacteriological examination
Specimens from dead foals were inoculated directly on blood agar, eosin methylene blue and modified MacConkey's agar plates. Samples suspected of harbouring staphylococci were also plated on mannitol salt agar (6) . All samples were examined for Salmonella abortus equi and other salmonellae by using enrichment media (selenite broth and Rappaport's medium) and a selective medium (modified MacConkey's agar). The organisms were identified by biochemical reactions. Serological identification of Salmonella cultures was carried out by using 'O' and 'H' antisera. The identity of representative cultures was confirmed by courtesy of Professor Dr J. Bochemul, National Salmonella Centre, Hamburg, Federal Republic of Germany.
RESULTS
Prevalence of the virus
Details of EHV-1 neonatal foal mortality from different equine establishments are given in Table I . 
Isolation of the virus
A total of 34 tissue samples were inoculated onto lamb kidney cell cultures, and the virus was isolated from 25 samples (73.5%) (Table II) .
Serum neutralisation test
The isolates were neutralised by EHV-1 specific antiserum.
Gel diffusion test
Of 196 samples examined by the gel diffusion test, viral antigen was detected in 184 samples (94%) ( Table II) . Of 24 samples examined by both virus isolation and gel diffusion, 15 (62.5%) were positive to both. Viral antigen was detected by gel diffusion in 4 samples from which virus could not be isolated in cell culture.
Bacteriological examination
Results of the examination of samples for simultaneous presence of bacterial and viral agents are shown in Table III . Among the 109 EHV-1 positive foals, bacteria were recovered from 67 (61.4%) and of the 16 EHV-1 negative foals, bacteria were isolated from 9 cases. The bacteria isolated included: Escherichia coli (29 isolates), Salmonella (19), Rhodococcus equi (formerly known as Corynebacterium equi) (9), Staphylococcus (4), Klebsiella (2), Pseudomonas (2) and Proteus (1). There were also 8 cultures of Gram-negative bacteria (not characterised) and 2 of Gram-positive cocci.
DISCUSSION
These investigations indicate that EHV-1 is a major cause of neonatal foal mortality in a number of breeding studs located in the Haryana, Punjab and Uttar Pradesh States of India.
Among 254 tissue samples received during a five-year period from dead foals, 228 (90%) were positive for the virus as determined by virus isolation and/or detection of EHV-1 antigen by the gel diffusion test. The gel diffusion test was specific, rapid and useful in detecting viral antigen in tissue samples from which virus could not be recovered (possibly because of inactivation during transport) (13) . The gel diffusion test may also have been more sensitive in that a larger proportion of the sample was tested. Four samples from which the virus could not be isolated were positive to the gel diffusion test (Table II) .
Most of the tissue samples came from equine establishments of the armed forces in Hisar (Haryana), Babugarh (UP), with a few samples from civilian studs in Gurgaon (Haryana) and Lucknow (UP). It is concluded that EHV-1 infection is endemic in the equine population of northern India. Additional studies are required to determine its prevalence in the country as a whole.
Of 228 EHV-1 positive foals, 19 died within hours of birth, another 142 during the first week and 19 during the second or third week of life (Table IV) . Some older foals (up to 9 months of age) also died. Near-term foals infected in utero by EHV-1 were born weak but alive. These foals had an enlarged liver, and died from secondary bacterial infection during the first few days of life. Others have reported similar findings (4, 8, 10) . The foals developed swelling of joints, respiratory catarrh and jaundice before death. We also isolated EHV-1 from two dead donkey foals, aged 2 days and 6 weeks. Foal mortality occurred throughout the year. Following many deaths of foals during an abortion storm at a stud in Hisar during 1982, we decided to examine the samples simultaneously for EHV-1 and bacterial agents. The predominant bacterial agents were Salmonella abortus equi, E. coli, Rhodococcus equi, Staphylococcus, Pseudomonas and Proteus. EHV-1 and bacteria were present simultaneously in at least 67 foals. During this incident, Salmonella abortus equi in association with EHV-1 was identified in most of the aborted mares and foals examined (14) . Accordingly, the army authorities were advised to vaccinate pregnant mares against Salmonella abortus equi. Following vaccination, there was less involvement of S. abortus equi in abortion and foal mortality in subsequent years. Vaccination of pregnant mares with "Pneumabort-K" vaccine against EHV-1 from January 1984 helped to reduce the abortion rate, as only two abortions were reported among 248 pregnant mares vaccinated in the first batch. The virus was recovered from only one mare which aborted.
In the present study, the involvement of EHV-1 in neonatal mortality was investigated. Further characterisation of the isolates is needed to determine the involvement of EHV-1 (formerly called EHV-1 subtype 1) and EHV-4 (formerly EHV-1 subtype 2) in these cases. 
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